syndrome, multiple asymptomatic tumors are usually just followed to avoid an excessive number of surgical interventions. 7, 12, 16 Clinical presentation depends on the size and location of the tumor. The presence of tumoral cysts, a common characteristic of hemangioblastomas, can also be responsible for neurological deterioration. Motor and sensory deficits can be present and vary from mild paresthesias to severe paralysis. Once the neurological symptoms appear, resection should be attempted to avoid further deterioration. 7, 15, 16 Considering the rarity of these tumors, we report our surgical results in the treatment of intramedullary hemangioblastomas and discuss important technical nuances necessary to achieve total resection and to avoid adding new neurological deficits.
methods
Patients surgically treated for intramedullary hemangioblastomas operated on between 2000 and 2014 by the senior author (H.T.) were retrospectively reviewed and included in this study. Institutional review board approval was obtained as part of our project.
The functional scale proposed by McCormick was used to evaluate the patients' neurological status before and after surgical treatment (Table 1) . 10 Patients were screened for VHL syndrome in the setting of multiple tumors. Postoperative complications were described in detail.
surgical technique
During the induction of anesthesia, dexamethasone was administered intravenously at an initial 10 mg, followed by 4 mg every 6 hours. Antibiotics were also prescribed. Neurophysiological monitoring of sensory and motor evoked potentials is useful and was used in the last 7 patients of our series.
Patients were operated on in ventral decubitus position, with an en bloc, nonexpandable laminoplasty; the laminae were exposed from the superior to the inferior margin of the tumor according to the MRI. Patients with tumors above the T-2 level had their head supported in a head fixation system. Patients with craniocervical tumors also underwent a posterior fossa craniotomy. After laminoplasty, the dura mater was opened along the midline and anchored with Prolene 4-0 sutures to avoid bleeding from the extradural space into the spinal cord canal. Under microscopic magnification, the arachnoid was dissected, and the surface of the tumor was fully exposed. Surgery was performed in a way similar to that employed for an arteriovenous malformation (AVM) of the CNS. On the surface of the cord, the afferent vessels to the tumor are meticulously coagulated. Coagulation should be low intensity and carried out close to the tumor to avoid damage to the spinal cord. The thick pia-arachnoid around the tumor that involves the cord is then carefully cut, and a dissection plane between the tumor and the cord is developed. When present, tumoral cysts can be helpful during dissection (Fig. 1) , as they tend to naturally isolate parts of the tumor from the surrounding nervous tissue. No attempts at debulking the tumor should be made as it could result in uncontrollable bleeding. Major draining veins should be left intact throughout the operation. Lastly, after coagulation of all afferent vessels and dissection of the tumor, the major veins are coagulated and the tumor is removed. Figures 2 and 3 illustrate our surgical technique. Reconstruction is carried out with the laminae being fixed using nylon sutures or titanium miniplates (Fig. 4) .
After surgery, our general protocol includes postoperative Day 1 in the intensive care unit (ICU), followed by 2 or 3 days in the general ward with early ambulation (when feasible) and early rehabilitation with physical therapy.
results
Sixteen patients, with a total of 17 surgeries, were operated on and included in this study. Ages ranged from 13 to 58 years (mean 33.8 years). Ten of our patients (62.5%) were males and 6 patients (37.5%) were females. Seven (43.75%) of the 16 patients had VHL syndrome. The mean follow-up time was 48 months (range 6 months-12 years). Table 2 summarizes the clinical data for the 16 patients who underwent surgery.
One patient was operated on twice, first at 13 years for cervical decompression (3 hemangioblastomas) and then at 18 years for a thoracic tumor, with a total of 4 tumors. Another 2 patients presented with multiple different size lesions at the cervical level. One of the patients presented with multiple associated cysts ( Fig. 5 ) and had 8 of her lesions surgically removed (2 tumors > 1 cm and 6 tumors < 5 mm in size). The other patient had no cysts but had 12 tumors of various sizes removed (1 tumor > 1 cm and 11 tumors ≤ 5 mm). A total of 37 hemangioblastomas were operated on in the 16 patients. Cerebellar lesions were present in 5 (71%) of the 7 patients with VHL syndrome. Except for Case 14, all cerebellar lesions were also operated on by the senior author (H.T.). They were operated on during the same procedure whenever possible, with the symptomatic lesion being operated on first. 
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Regarding tumor location, 11 (68.75%) were localized at the cervical region (including 4 tumors in the cervicomedullary junction), and 5 (31.25%) were situated at the thoracic spinal cord. Three patients had single tumors located off the midline, and 3 patients had tumors in multiple locations in the cord. All the remaining patients had midline lesions. In Fig. 6 , we present an illustration of a cervicomedullary tumor surgery.
Considering early neurological outcome, assessed just before hospital discharge, 4 patients worsened, scoring 1 grade lower on the McCormick Scale, whereas 10 patients maintained the same status they had before surgery, and 1 patient had an early improvement, scoring 1 grade higher (from III to II). Transitory neuropathic pain was a common finding (70%) and usually subsided in a couple of weeks. Two patients had persistent neuropathic pain after surgery that required continuous use of pain medication. One of these patients complained after surgery of "electric shocks" that would run down his back and into his limbs whenever he would bend his neck or stretch his back (Lhermitte's sign). One patient had a hemiballism of her left arm preoperatively (caused by impairment of proprioception due to a tumor located off the midline in the cervical region) that has shown only little improvement after surgery. Twelve patients were previously normally ambulatory, and of these, 7 patients complained of some difficulty in walking during the first 2-3 weeks after surgery, probably due to transitory impairment of the dorsal columns. All patients who had ambulatory problems postoperatively had midline lesions and had been operated on through a posterior myelotomy. Difficulty in ambulation was slightly more prevalent in those patients with thoracic lesions (4 patients) than in those with cervical lesions (3 The lesion covered by a cyst can be seen on the surface of the cord, which is bloated with the intramedullary component of the cyst. d: The tumor has been dissected and is shown lying on the surface of the cord. The cystic cavity has been entered, and the cord has become flattened after the cyst fluid was drained. e: The cystic cavity is inspected after the tumor has been removed. patients). In general, all patients managed to walk freely on the following postoperative day in the hospital with the aid of a large-base cane and received early rehabilitation. At 3 months, only 1 of the patients (Case 10) still required assistance to walk. In regard to ambulation in the remaining 4 patients, 1 patient was restricted to a wheelchair, and 3 patients were able to stand up with the aid of crutches and manage to do short walks preoperatively. Their ability to walk has not been changed by surgery.
One patient (Case 14) stayed longer in the ICU due to a severely impaired preoperative pulmonary capacity that demanded prolonged ventilatory support but had no infections. Another patient (Case 10) had a preoperative neurogenic bladder and developed a urinary tract infection postoperatively due to prolonged vesical catheterization. He was discharged on the 14th postoperative day with no improvement in bladder function. The average length of stay in the hospital was 6.3 days (range 4-14 days). None of our patients required blood transfusions, nor did they have epidural hematomas or skin infections. There were no deaths in our series as well.
Considering late neurological outcome with at least 6 months of follow-up, 2 patients (12.5%) improved their initial McCormick grade, 1 patient had a worsening (6.25%) of 1 grade, and 14 patients (81.25%) maintained the same neurological status.
Complete tumor resection was obtained in all patients.
discussion
Hemangioblastomas are rare CNS tumors that can be found mainly in the cerebellum but may also be found in the spinal cord and brainstem. 1, 13, 14 Clinical symptoms may vary according to tumor size, location, and the presence of concomitant cysts that may cause mass effect. 7, 13, 14 Surgical treatment is well accepted in symptomatic patients, with some controversies regarding conservative management in asymptomatic lesions, especially in the setting of VHL syndrome. 12, 13 Most of the tumors arise in the dorsal or dorsolateral portion of the spinal cord and usually present initially with pain or other dysesthesias. When located in the dorsal portion of the spinal cord, surgical treatment tends to be less morbid, as the motor tracts are not transgressed during the approach. Tumors that arise in the anterior surface of the cord are usually not amenable to surgical treatment due to the risk of damage to the anterior spinal artery, which may result in devastating neurological deficits.
The association of hemangioblastomas and VHL increases the chances for multiple tumors. For this reason, all patients with a hemangioblastoma should be screened for other tumors in the entire CNS. In our series, all patients had a complete (whole neuraxis) workup with MRI, abdominal CT scanning, and eye funduscopy performed preoperatively.
Seven of our patients had VHL syndrome, and 2 patients underwent more than 1 surgery. The first was a young girl operated on at age 13 years (Case 1) and again at age 18 years, with uneventful recoveries in both procedures. The second patient had been operated on 3 times elsewhere and was referred to us because of recurring tu- mors in the cervical spine, with cystic formations throughout the entire spinal cord. Her preoperative neurological status was poor, and she showed no marked improvement postoperatively. Cases 1 and 14, mentioned earlier, are not enough to evaluate if repeated surgeries may indeed impact on neurological improvement and functional outcome of patients with VHL syndrome. Further analyses based on more substantial data are required.
The criteria for diagnosis of VHL disease is made based on familial history or on the presence of concomitant hemangioblastomas in the retina. 13, 15 In the absence of familial history, at least 2 hemangioblastomas in the CNS (including the retina) are necessary to establish the diagnosis, or 1 hemangioblastoma in the CNS and at least 1 of the following tumors: renal carcinoma, visceral cyst, or pheochromocytoma or an elucidation of a deleterious mutation in the VHL gene. 13, 15 Surgical treatment can be curative for patients with single lesions, but continuous follow-up is necessary due to the high incidence of mutations in the VHL gene in patients with these tumors and a potential risk of a new tumor. 7, 13, 15 A meticulous surgical technique is mandatory; the surgeon should use low-intensity bipolar coagulation only on the afferent arteries and avoid venous occlusion before total tumor resection, which may lead to tumor ingurgitation and excessive bleeding. 7 If several superficial veins participate in the drainage of the tumor, the surgeon should try to maintain their patency as long as possible during dissection of the tumor. When that is not possible, the largest vein should, at all costs, be kept intact until the end of the procedure (the same rule applies to tumors that have single draining veins). When dissection is completed, the vein should be coagulated and cut close to the surface of the tumor to avoid venous infarction of the normal cord. These highly vascularized tumors cannot be debulked, and should be operated on in the same fashion as for an AVM.
The spinal cord is a very narrow, uniformly organized structure, with vessels that can be easily identified and are readily available for control during surgery. Vessels that feed intramedullary hemangioblastomas are small, superficial, and terminate at the tumor. Thus, arterial feeders should be coagulated close to the surface of the tumor, along with the tiny perforating vessels that are encountered during the dissection. In contrast to AVMs, there are no "en passage" vessels nourishing the tumor. For the reasons mentioned above, we have not used preoperative angiography or 3D-CT angiography in any of our cases. An exception to that rule was applied to the only case not included in this study, where the patient presented with an anteriorly located C-5 tumor. To evaluate the anterior spinal artery involvement, the patient underwent a digital subtraction angiogram. The anterior spinal artery could not be well depicted at the level of the tumor, and surgery was precluded.
We also have not used preoperative embolization because arterial vessels that supply hemangioblastomas are usually very irregular and small, making catheterization and complete obliteration impossible. We find no place for partial embolization in the surgical strategy for hemangioblastomas.
In cases where the tumor does not reach the pial surface, a midline myelotomy must be performed. 7 To minimize damage to the posterior columns, the incision should always be restricted to the midline. The dentate ligaments and the exit of the neural rootlets from the spinal cord on each side can serve as landmarks to the midline and guide the surgeon. 5, 7 Sutures are usually applied to the thick piaarachnoid on each side of the myelotomy after superficial dissection to gently aid in the retraction of the neural tissue that surrounds the tumor.
In our series, 81.25% of the patients remained neurologically stable, with no significant neurological improvement after surgery. This is similar to other series and suggests benefits in treating patients as soon as the diagnosis is made and before any neurological deterioration occurs. 4, 7, 9 When effective, surgical treatment should be able to maintain the patients' previous neurological status.
Neuropathic pain and dysesthesias after surgery are consequences of disruption or manipulation of the posterior tracts necessary to approach the tumor. These symptoms were well managed with physical therapy and neuropathic drugs, such as gabapentin and pregabalin, and generally disappear in a matter of weeks.
Regarding postoperative spinal deformity, none of our patients developed cervical kyphosis after the laminoplasty that required surgery. Although there is no high level of evidence suggesting that laminoplasty is better than laminectomy, we strongly believe that laminoplasty can avoid postoperative deformity. 6 Additionally, titanium miniplates are used to achieve immediate rigid fixation and to avoid potential complications of lamina migration and possible cord compression. Miniplates and miniscrews should be applied first to the lamina outside of the surgical cavity, and only then should one fixate it to the lateral masses so as to prevent inadvertent pressure on the spinal cord during screwing. Avoiding unnecessary violation of the facet joints and the removal of C-2 and C-7 spinous processes may help prevent postoperative deformity. 6 None of our patients required any adjuvant postoperative treatment. The role of radiotherapy and chemotherapy in the management of these lesions remains controversial. 2 Finally, although neurophysiological monitoring with sensory and motor evoked potentials is now part of our routine, in our first case series, preliminarily published in 2009, all patients were operated on without it and with comparable results. Neurophysiological monitoring serves well as a warning against neural damage. All changes detected during the procedure are carefully evaluated by the surgeon and the neurophysiologist. When potentials drop, the dissection stops, and the potentials are allowed to recover with warm saline irrigation of the spinal cord. There has never been a need to change the surgical technique during the procedure nor to bring the surgery to a complete halt due to changes in neurophysiological potentials. It is our strong opinion that the use of neurophysiological monitoring, accompanied with a meticulous surgical technique that avoids disruption of the spinal cord outside the tumor boundaries, can work almost as a guarantee that postoperative deficits will not occur.
The probable limitations of our study reside in the fact that it refers to a single surgeon's experience and is based on a relative small number of cases. However, considering the rarity of intramedullary hemangioblastomas and that the total number of tumors is much more expressive than the number of patients, we believe that our experience can be useful for surgeons who are not used to treating this challenging disease.
conclusions
Total resection of intramedullary hemangioblastomas is the main treatment for these lesions. Surgery generally maintains the patients' preoperative neurological status and thus should be indicated before their condition deteriorates. Screening for additional lesions is necessary because of the risk of VHL syndrome and multiple tumors. Diligent microsurgical techniques can help surgeons to improve their results in the treatment of patients with these rare lesions.
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